Searching PAJ 



1/2 <<—is 




PATENT ABSTRACTS OF JAPAN 



(11 publication number : 2003-146767 
(43)Date of publication of application : 21.05.2003 



(51)Int.CI. 


- - 


— - -■ 

C04B 35/64 
C30B 29/22 
C30B 29/32 


. - — 


i 

(21 Application number 


: 2001-344947 


(71)Applicant 


: NATIONAL INSTITUTE OF 






ADVANCED INDUSTRIAL & 








TECHNOLOGY 








SHINTO V-CERAX LTD 


(22)Date of filing : 


09.11.2001 


(72)Inventor : 


WATARI KOJI 






NAKAMURA KAZUO 








UCHIMURA KATSUJI 








ISHIGURO HIROYUKI 








MORIMITSU HIDEKI 



(54) METHOD OF PRODUCING CERAMIC SINTERED COMPACT AND INORGANIC FILM. 
CERAMIC SINTERED COMPACT, AND INORGANIC FILM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a particle 
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containing the ceramic particles in a heating process, 
preferably, at 100 to 1,900° C. 
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[TITLE OF THE DOCUMENT ] SPECIFICATION 



[TITLE OF THE INVENTION] METHOD FOR PRODUCTION OF CERAMIC SINTER A!© 
INORGANIC FILM AND CERAMIC SINTER AND INORGANIC FILM 

[PATENT CLAIMS ] 

[Claim 1 ] A method for manufacturing a ceramic sinter 
comprising sintering a ceramic molded article containing ceramic 
particles with anisotropic shapes, or a ceramic molded article 
containing ceramic particles with anisotropic crystals, and imposing 
a centrifugal force during the heating step on the ceramic particles 
to manufacture a ceramic sinter in which the particles or crystals 
are oriented. 

[C laim 2 ] A method for manufacturing an inorganic film 
conprising forming a precursor film on a single crystal substrate or 
on a substrate on which a metal or ceramic lias been vapor-deposited, 
heating the film, and imposing a centrifugal force during the heating 
step on the anisotropic particles or anisotropic crystals present in 
the material to manufacture an inorganic film with oriented particles 
or crystals* 

[Claim 3 ] The method for manufacturing a ceramic sinter 
according to claim 1, or the method for manufacturing a inorganic 
film according to claim 2, wherein the centrifugal force is 10 to 
700,000 G. 

[Claim 4 ] The method for manufacturing a ceramic sinter 
according to claim 1 or 2, or the method for manufacturing a 
inorganic film according to claim 2 or 3, wherein the heating during 
the heating step is carried out at a temperature of 100 to 1,900°C. 
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[claim 5 3 A ceramic sinter, characterized in being manufactured 
by the method for manufacturing a ceramic sinter according to any one 
of claims 1, 3, and 4, with the particles or crystals oriented in a 
prescribed direction. 

[Claim 6 ] An inorganic film, characterized in being 
manufactured by the method for manufacturing a inorganic film 
according to any one of claims 2, 3, and 4, with the particles or 
crystals oriented in a prescribed direction* 
[detailed explanation of the invention ] 
Coooi] 

[Technical field to be belonged to the invention] 
The present invention relates to a ceramic sinter or inorganic 
film in which anisotropic particles or anisotropic crystals are 
oriented in one direction, and to a manufacturing method thereof - 
[0002] 
[Prior art ] 

Normally, manufacturing methods for a ceramic sinter in which 
particles or crystals are oriented are largely divided into the 
following two methods. 

(1) A method whereby ceramic particles with anisotropic shapes are 
oriented within a molded article, and thereafter sintered. 

With this method, a doctor blade process, an extrusion molding 
process, or another process is used to orient ceramic particles with 
anisotropic shapes within a molded article. Recently, attempts have 
been made to use the crystalline magnetic anisotropy within a 
substance to orient crystals within a molded article by disposing a 



2 



2005H0J124B 22e§34ft 



SI 




NO. 2314 P. 5 



magnetic field during molding. Thus, a ceramic sinter in which the 
particles or crystals are oriented can be manufactured by sintering, 
in the atmosphere or a specific environment , a molded article in 
which the particles and arystals are oriented in advance. 
[0003] 

(2) A method whereby a ceramic molded article with anisotropic 
crystals ie heated or sintered while pressure is applied from one or 
two directions. 

Representative examples of this method include hot -press 
sintering, forge-sintering, and sinter-forging. All of these methods 
are methods for heating or sintering while Imposing a mechanical 
pressure load from one or two directions on a molded article or a 
sinter that contains large anisotropic crystals or ceramic particles 
with anisotropic shapes, and oriented materials can be easily 
manufactured thereby* 



In both cases of hot-press sintering and forge -sintering, a die 
containing a raw material powder is placed in a furnace and heated 
while mechanical pressure is applied, or pressure is applied after a 
predetermined temperature is reached. 

In common practiae, sinter- forging is a method in which a molded 
article that contains large anisotropic crystals or ceramic particles 
with anisotropic shapes is sintered, and mechanical pressure is then 
applied from one direction to obtain an oriented material. It is 
known that when the mechanical load pressure is high the degree of 
particle or crystal orientation is also high. 



[0004] 
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[0005] 

Next, conventional manufacturing methods for inorganic films can 
be largely divided into liquid-phase methods and gas -phase methods 
because the starting raw material is commonly different. 

The sol-gel process is a representative technique of liquid- 
phase methods. This method is a method for obtaining an inorganic 
film by admixing an alkoxide or the like so as to achieve a 
prescribed composition, applying the resulting mixed solution to a 
single crystal substrate composed of Si, SrTi0 3 , or the like, and 
heat -processing this in an electric furnace. With such sol-gel 
processes, an inorganic film in which the particles or crystals are 
oriented and which possesses a lattice constant that is approximate 
to or equal to the lattice constant of the desired ceramic film can 
be obtained by way of nudeation and epitaxial growth on the 
substrate through the use of a single crystal substrate that 
possesses strong crystal orientation in one direction. Technology 
for manufacturing film with pronounced crystal orientation by using 
single crystal particles as seed particles, aligning the crystal 
directions in advanae, and mounting the crystals on a substrate has 
recently been reported. 
[0006] 

[The subject to be solved by the invention ] 
The following drawbacks result from the normal manufacturing 
methods described above in the manufacture of an inorganic film and a 
ceramic sinter in which pronounced particles or crystals are 
oriented. The term "pronounced particles or crystals are oriented" 
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refers to the case In which the ratio of oriented particles or 
crystals is considerable with respect to the desired particles or 
crystals . 

(1) The doctor blade process is a technique that is normally 
carried out by forming a slurry comprising solvents, plastlclzers , 
binders, or other additives, allowing the slurry to flow from a knife 
edge call ed a doctor, receiving the slurry onto a carrier film, and 
moving the film while drying to fabricate a ceramic sheet with a 
thickness of several tens to 100 fjm. A ceramic molded article is 
fabricated by laminating 10 to 100 sheets of the resulting ceramic 
sheet and removing the binder contained In the resulting laminated 
article. With this method, because the particles with anisotropic 
shapes became oriented when they flow from the knife edge, it is 
important to reduce the thickness of the ceramic sheet in order to 
achieve pronounced orientation within the molded article ♦ As a 
result, the method has a drawback in that the number of laminated 
sheets must be greatly increased in order to obtain a thick laminated 
molded article ♦ The manufacturing processing steps of this method 
are lengthy, fabrication requires a considerable amount of time, and 
highly trained personnel is needed to manufacture a sheet without 
defects, in addition to other drawbacks* 

[0007] 

(2) The extrusion molding process extrudes a plasticized ceramic 
base comprising powders, solvents, plastlclzers, binders, and other 
additives into a die having a prescribed shape with the aid of a 
screw or another means to fabricate a molded article. At this time. 
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particles with needle shapes, rod shapes, disc shapes, plate shapes, 
or other anisotropic shapes are oriented in parallel to the extrusion 
direction. However, this has drawbacks In that large differences in 
the degree of particle orientation occur on the surface of the 
extruded molded article and in its interior, and distortion In the 
shape of the sinter, oraoking-induced breakage, swelling, and other 
defects easily occur during heating or sintering. 
[oOOeJ 

(3) Hie crystal orientation technique that makes use of the 
magnetic anisotropy of the crystals in a material is determined by 
the applied magnetic force due to the orientation and degree of 
magnetic anisotropy of the crystal axis. As a result orienting a 
crystal may be difficult for some materials when the magnetic 
anisotropy of the crystal axis is small or when the magnetic flux for 
generating a magnetic field is small. A magnetic field generator is 
expensive, and is not suitable as production equipment for common use 
because expenses are incurred for maintenance and safety management. 

[0009] 

(4) Hot-press sintering, forge -sintering, sinter-forging, and 
other methods are processing technologies that are capable of 
orienting particles and crystals within a ceramic sinter during 
baking, but all these methods have drawbacks in that they require 
that pressure be applied to a sample with the aid of a push rod or a 
mold die. so the contact material surface becomes soiled and 
byproducts based on the soiling are easily generated. As a result, 
the surface of the sample must be polished or ground after baking. 
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and manufacturing costs are increased- Also, considering the 
polishing or grinding after baking, these methods have drawbacks in 
that they cannot be applied to manufacturing oriented films 
comprising a thin film with a thickness of only several tens of 
micrometers to several millimeters . 

[ooiol 

The present invention was contrived to solve the drawbacks 
described above, and provides a method for manufacturing a ceramic 
sinter and an inorganic film that does not require a special skill, a 
magnetic generator or other special device, or processing after 
grinding, and by which the surface and the center portion of 
particles or crystals are oriented with a uniform orientation by 
means of a simple operation, and further provides a ceramic sinter 
and an inorganic film. 
[0011] 

[Means to solve the subject] 

As a result of thoroughgoing research to solve the problems 
stated above, the present inventors perfected the present invention 
having discovered that a ceramic sinter and an inorganic film in 
which the particles or crystals are oriented can be obtained by 
imposing a centrifugal force during heating, 
[0012] 

In other words, the present first invention is a method for 
manufacturing a ceramic sinter in which the particles or crystals are 
oriented, characterized in that the ceramic particles are oriented by 
imposing a centrifugal force during the heating step on a ceramic 
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molded article containing ceramic particles with anisotropic shapes, 
or on a ceramic molded article containing ceramic particles with 
anisotropic crystals. 



The present second invention also is a method for manufacturing 
an inorganic film, characterized in that a precursor film is formed 
on a single crystal substrate or on a substrate on which a metal or 
ceramic has been vapor-deposited, and anisotropic particles or 
anisotropic crystals are oriented by imposing a centrifugal force 
during the heating step* 



Suitably adopted in the present first and second inventions are 
an aspect for iiqposing a centrifugal force of 10 to 700,000 G during 
the heating step, and an aspect for performing heating at a 
temperature of 100 to 1,900°C during the heating step* 



Furthermore, the present invention is a ceramic sinter 
characterized by being manufactured by means of the above- described 
method for manufacturing a ceramic sinter as the first invention, 
with the particles or crystals oriented in a prescribed direction, 
and is an inorganic film characterized by being manufactured by means 
of the above-described method for manufacturing an inorganic film as 
the second invention, with the particles or crystals oriented in a 
prescribed direction. 



[00133 



[0014] 



[0015] 



[0016] 



[Form of enforcement of the invention] 
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Hie form of enforcement of the present Invention is described 
below with reference to PIG. 1. 

The method of manufacturing a ceramic sinter of the present 
first invention is one in which one or more types of anisotropic 
oxide, nitride, carbide, and boride particles or crystals, for 
example, are used, and a ceramic molded article comprising ceramic 
particles with anisotropic shapes, or a ceramic molded article 
comprising ceramic particles with anisotropic crystals is sintered 
under a centrifugal force that is preferably 10 to 700,000 G during 
the heating step in which the temperature is preferably 100 to 
1,900°C to orient the ceramic particles. 

[0017] 

In this case, AI2P3, muliite (3Al2p3"2SiOa) , or Sr 3 ?±£h as an 
oxide, or h-BN as a nitride, and a- Sic as a carbide are 

examples of ceramic particles having anisotropic shapes or 
anisotropic crystals. 

[0018] 

The method of manufacturing an inorganic film of the present 
second invention is one in whioh a precursor film is formed on a 
single crystal substrate or on a substrate on which a metal or 
ceramic has been vapor-deposited, and one or more types of 
anisotropic oxide, nitride, carbide, and boride particles or 
arystals, for example, in the film are oriented by Imposing a 
centrifugal force that is preferably 10 to 700,000 G during the 
heating step in whiah the temperature is preferably 100 to 1,900°C* 
[0019] 
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In the present invention, anisotropy is a term that is 
contrasted with the term w isotropy," and particularly refers to 
formations with characteristic shapes whose length, surface area, and 
thickness are different in specific directions, and, more 
specifically, is a term that refers to needle shapes, rod shapes, 
disc shapes, plate shapes, or other anisotropic shapes. 
[0020] 

Of the manufacturing devices to which the present invention can 
be applied, the sintering device described in Japanese Patent 
Application Laid-open No. 2002-193680 is preferred* This sintering 
device is a centrifugal sintering device for obtaining a sinter or 
film by heating and baking a molded article, precursor film, or other 
workplace comprising a ceramic or metal powder while Imposing a 
centrifugal force. 

This device has a work holder capable of high speed rotation and 
designed for mounting the workpieoe, a heating unit for heating the 
work holder, a temperature control unit for the heating unit, a 
rotation unit for rotating the work holder, a rotation speed control 
unit, a magnetic bearing unit with a vacuum seal, and a lid for 
hermetic sealing. 
[0021] 

This centrifugal sintering device generates a centrifugal force 
by rotating the work holder at high speed inside the heating device, 
and a ceramic sinter or an inorganic film with oriented particles or 
crystals can be manufactured by imposing a centrifugal force on the 
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sample (workplace) mounted Inside the work holder while heating and 
baking. 

[0022] 

Describing the case of a ceramic sinter as an object of the 
present first invention, a molded article having ceramic particles 
with anisotropic shapes or a molded article having ceramic particles 
with anisotropic crystals is first prepared in advance. The molded 
article may be an article that is shaped In a mold die and CIP- 
molded, or a laminated sheet obtained by tape casting and sareen 
printing, or an article obtained by other means. The article is 
placed inside a work holder that rotates at a high speed within a 
centrifugal sintering device such as that described above; and the 
ceramic particles present therein are oriented by being rotated at a 
high speed while heated to obtain a sinter with oriented particles or 
crystals. 

[0023] 

This orientation principle is based on the fact that particles 
became oriented in order to take a stable position under a large 
centrifugal force that works m the radial direction of the work 
holder in relation to the ceramic particles with anisotropic shapes 
present within the workpiece. As shown in FIG. 1, for example, 
plate-shaped particles 12a that are present within an object prior to 
the application of a centrifugal force are arranged in an irregular 
fashion in the workpiece 12 that is placed in the work holder 11, as 
shown in FIG. 1(A), but when a centrifugal force is Imposed on the 
workpiece, the surfaces of the plate- shaped particles 12a align in 
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the direc tion perpendicular to the centrifugal force in order to take 
mutually stable positions , and the particles became oriented within 
the sinter and molded article, or the workplace 12, as shown in 
FIG. 1(B) ♦ In this case, the oriented shape is not limited to 
particles with needle shapes, rod shapes, plate shapes, and disc 
shapes, but whisker shapes and other shapes are also included. 
[0024] 

The precursor film used in the manufacture of an oriented film 
as an object of the present second invention is not particularly 
limited in terms of the fabrication method, but it is important to 
form a precursor film without cracks on a single crystal substrate or 
on a substrate on which metal or ceramic has been vapor- deposited* 
The sol-gel process, in which a solution is the starting material, is 
widely used in the fabrication of precursor films and may be used as 
the fabrication method for a precursor film. In this case, a 
precursor film may be fabricated with the following two methods. The 
first method is the tape coating method in whidh a prescribed 
substrate is immersed in a sol solution, and the second method Is the 
spin coating method in which a sol solution is applied to a substrate 
mounted on a rotating disc. 
[0025] 

When a centrifugal force is imposed on a precursor obtained in 
such a manner under a heating temperature, as same as the present 
first invention, this precursor places considerable stress on the 
substrate, the reaction between the precursor and the substrate is 
accelerated at this time due to the generated stress, and nucleation 
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and epitaxial growth on the substrate are accelerated in association 
therewith. As a result, an inorganic film comprising an oriented 
« film with pronounced particle or crystal orientation can be 

manufactured . 
[0026] 

As described above, the basic principle of the present invention 
entails placing a molded article or substrate that is to be sintered 
in the work holder that rotates at a high speed, lapsing a 
centrifugal force on the surface of the base sample, and thereby 
obtaining an oriented sinter or film. The force produced by the 
centrifugal force described above is preferably 10 to 700,000 G, and 
even more preferably 1.000 to 10,000 G. 
[0027] 

When the radius of the discoid work holder that rotates at a 
high speed is 8 cm, and the workplace is placed in the peripheral 
area within the work holder, the relationship between the rotational 
speed and the centrifugal force is as follows. 

Rotational speed of 500 rpm: 22 G; 1,000 rpm: 89 G; 1,500 rpmt 
201 G; 2.000 rpm: 357 Gi 3,000 rpm: 804 G; 5,000 rpm; 2 f 236 G; 
10,000 rpm: 8,944 G; 20,000 rpm: 35,776 G; and 50.000 rpm: 223.600 G. 
[0028] 

These forces are large in comparison with the force applied 
during normal hot -press sintering, and, as a result, the movement and 
rotation of the anisotropic -shaped particles in the ceramic molded 
article are facilitated, or the reaction between the substrate and 
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the precursor film Is accelerated, allowing the particles and 
crystals within the ceramic or inorganic film to become oriented. 



The method of the present invention differs from hot -press 
sintering and other methods in that because pressure is applied in a 
nonoontact manner, byproducts are not generated and the surface of 
the sample is not soiled after baking, so the surface of the sample 
does not require grinding or polishing. As a result, this technology 
can be said to be suitable for a workpiece in the form of a thin 
film, and it is possible to orient the particles and crystals in a 
very efficient manner. 



In the present invention, the heating temperature that allows 
the particles and crystals to become oriented is not particularly 
lijiiited. The reason for this is that the diffusion rate of the 
substance varies greatly depending on the type of material of the 
desired workpiece. However, to orient the particles or crystals, the 
preferred heating temperature is normally 100 to 1,500°C in the case 
of an inorganic film, and 500 to 1,900°C in the case of a ceramic 
sinter* The reason for this is that the inorganic film is composed 
of fine particles, and so the diffusion rate of the substance is 
apparently quickened and orientation is possible at lower 
temperatures . In the case of a ceramic sinter, the particles 
coalesce (the particles become larger) within the sinter in the 
latter stages of sintering, so a high temperature is required to 
accelerate the particle and crystal orientation • 



[0029] 



[0030] 
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[0031] 

The detailed description given above in conjunction with the 
description of the method of the present first and second Invention 
concerned a ceramic sinter manufactured by means of a method for 
manufacturing a ceramic sinter as the first invention in which the 
particles or crystals are oriented in a prescribed direction, and an 
inorganic film manufactured by means of a method for manufacturing 
the an inorganic film as the second invention in which the particles 
or crystals are oriented in a prescribed direction, and whidh will be 
explained in detail in the following examples. The present invention 
is not limited to the contents of the following examples, 
[0032] 
[Examples] 
(Example 1) 

It is possible to manufacture a highly oriented ceramic sinter 
with a centrifugal force because Sr 3 Tl2D7 ( Ruddlesden - Propper type 
structure) with a layered perovskite structure has strongly 
anisotropic crystals (lattice constant : a axis - 0*390 nm, c 
axis - 2*038 nm). In view of the above, an SraTiaD? single crystal 
powder was fabricated with the molten salt method, this was added to 
the SrsTiaO? raw material powder and molded into the form of pellets, 
and a centrifugal force was imposed on the molded article to 
fabricate a ceramic sinter in which pronounced crystals are oriented. 
[0033] 

First, the Sr^TiaD? raw material powder that was used was one in 
which strontium carbonate (SrOCh) and titanium oxide (TiOa) were 
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weighed to a molar ratio of 3:2, mixed with the aid of ethanol as a 
solvent, and heated at a temperature of 1,200°C. 

The Sr 3 Tla07 single crystal powder was fabricated with the method 
described below. The raw materials SrOCb and TiQ» were weighed to a 
molar ratio of 3. 2 ;2. mixed, and dried. The resulting mixed powder 
(SrTlQs + TiOj) and potassium chloride (KC1) were mixed in a weight 
ratio of 1:1 and dried, the resulting powder was placed inside an 
alumina crucible, an aluminum plate was used as a lid, and the 
crucible was sealed with alumina cement and baked for four hours at 
1.200°C. The baked powder was removed from the crucible and washed 
with warm water several tens of times, yielding plate-shaped SraTlaO, 
single crystal particles such as those shown In FIG. 2. 
[0034] 

Raw material powder and the plate- shaped Sr 3 Tiz07 single crystal 
particles obtained in this manner were weighted so as to establish a 
volume ratio of 5:95, and this was then mixed and dried. The 
resulting powder was molded into the form of pellets and set In the 
work holder of a centrifugal sintering furnace. The work holder was 
rotated at a rotational speed of 10.000 rpm. heated thereafter while 
the temperature was raised at a rate of 10 o Ctfnin to 1.200 o C. held for 
30 minutes, and furnace cooled. A molded article made In the same 
manner for comparative experimentation was placed in the centrifugal 
sintering furnace, and the work holder was heated according to the 
conditions described above without rotation. 
[0035] 
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Next, FIG. 3 shows the results of X-ray diffraction on the 
surface of the ceramic sinter comprising Sr^Ti^ single crystal 
particles obtained with the above-described method. 

The molded article (FIG. 3(A)) rotated at 10,000 rpm exhibited a 
strong peak in the (0010) plane, but a strong peak in the (0010) 
plane was not observed for the one that was not rotated (FIG. 3(B)). 
When the microstructure of the sinter on which a centrifugal force 
was imposed was observed, it was confirmed that the plate-shaped 
particles served as nuclei, and an Sr 3 T±^h phase was epitaxially 
grown thereon, as shown in FIG. 4. it is thought that the plate- 
shape particles were oriented perpendicular to the direction of the 
centrifugal force by the imposition of a centrifugal force during 
heating, and that an Sr^Tl^h sinter in which pronounced crystals are 
oriented was obtained because the Sr 3 Ti207 raw material epitaxially 
grew on the plate-shaped Sr 3 Ti 2 07 single crystal particles as the 
nuclei. 

[0036] 
(Example 2) 

It is possible to manufacture a highly oriented material with a 
centrifugal force during baking because (Bi, Pb)-2223, which is a 
representative superconducting ceramic, has large anisotropic 
crystals. 

Bismuth oxide (Bi^Oa), lead oxide (PbO), strontium carbonate 
(Sr€03), calcium carbonate (CaCCfe), and copper oxide (CuO) were used 
as the raw materials, and the powders were mixed and dried so as to 
aahieve a composition of Bii. 8 oPbo.34Sri.87Ga 2 .o2Cu 3 .oOy^ The resulting 
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powder was heated for 30 minutes in air at 700°C. The heated powder 
was formed into a fine powder by milling, placed in a solvent (main 
component: polyethylene glycol), and adjusted for viscosity to 
fabricate a paste. 
[0037] 

The resulting paste was placed on a screen and applied by screen 
printing to an Ni substrate. The printing substrate was heated at 
150"C in a drying furnace and set in the work holder of a centrifugal 
sintering furnace. The work holder was rotated at a rotational speed 
of 10,000 rpm, heated thereafter while the temperature was raised at 
a rate of 10 o Otain to 1,000°C, held for 30 minutes, and furnace 
cooled. A molded article for comparative experimentation was placed 
in the centrifugal sintering furnace, and the work holder was heated 
according to the conditions described above without rotation. 
[0038] 

FIG. 5 shows the results of X-ray diffraction on the surface of 
the ceramic on the substrate obtained in this manner. When rotated 
at a rotational speed of 10,000 rpm (FIG. 5(A)), a strong peak was 
exhibited for the (0010) plane, but a strong peak in the (0010) plane 
was not observed in the case that rotation was not performed 
(FIG. 5(B)). Based on the above, it is apparent that a centrifugal 
force is effective in orienting the particles and crystals of a 
superconducting ceramic. 

[0039] 
(Example 3) 
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A ceramic film in whioh pronounced crystals are oriented can be 
obtained by imposing a centrifugal force during heating on a 
precursor film obtained with the sol-gel process or another method. 
This is described below with BaTi0 3 film serving as an example. 

In order to make a BaTiQ, film, a coating solution was first 
prepared. Metal barium 0.03 , titanium isopropoxide 0.03, acetyl 
acetone 7.0 x 10 3 , water 0.09, acetic acid 1.21, and isopropyl 
alcohol 100 were blended together as starting materials. (All the 
numbers Indicate the number of moles.) 



The raw materials were mixed in a glove box under a flow of dry 
nitrogen after the pressure was reduced. The isopropyl alcohol and 
fragments of metal barium were placed in a flask, and an isopropyl 
alcohol solution of barium isopropoxide was prepared by heating the 
flask. A titanium isopropoxide solution was added to this solution, 
acetyl acetone was subsequently added, and the system was agitated 
for about three hours at a terrperature of 80°C in the glove box. An 
isopropyl alcohol solution of acetic acid and water was thereafter 
dropped to obtain a coating solution. 



An SrTlQ3 substrate with a pronounced (100) plane was used in 
order to obtain a BaTi03 film in which crystals are oriented. The 
substrate was immersed in the coating solution, raised at a speed of 
0.1 mrote, and then dried at a temperature of 100°C. The coating and 
drying process was repeated five times, and the substrate was used as 
the sample for centrifugal sintering treatment. The substrate with 
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the film formed thereon was mounted In the work holder of the 
centrifugal sintering device, and the work holder was heated to 600°C 
at a temperature Increase rate of 10°CAnln and held for five minutes 
while rotated at a rotational speed of 10 , 000 rpm, yielding a BaTiO* 
film with a thickness of about 1 ym. A substrate with a film formed 
thereon was heated under the same conditions without rotation for 
comparison. 



FIG, 6 shows the results of an X-ray diffraction on the 
resulting substrate surface. When rotated at a rotational speed of 
10 f 000 rpm (FIG. 6(A)), a strong peak was exhibited for the (200) 
plane, but a strong peak in the (200) plane was not observed in the 
case that rotation was not performed (FIG. 6(B)). Based on the 
above, it is apparent that imposing a centrifugal force on an 
inorganic film obtained from the sol-gel process during heating is 
effective in manufacturing a film in which the particles or crystals 
are oriented. 
[0043] 

[Effect of the invention ] 

As described above, the present invention relates to a method 
for manufacturing a ceramic sinter or inorganic film in which highly 
pronounced anisotropic particles or anisotropic crystals are oriented 
by imposing a centrifugal force on the workplace during the baking 
step, and has beneficial effects such as those enumerated below. The 
present Invention is technologically very valuable in that it 
provides a method for manufacturing a ceramic sinter and an Inorganic 
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film In which the drawbaaks of conventional methods are solved, and 
also provides the ceramic sinter and Inorganic film thus 
manufactured. 



(1) Sheet lamination such as the doctor blade process is 
unnecessary in order to produce a thick molded article for 
orientation, the manufacturing process has simple steps, the required 
manufacturing time is short, and skilled personnel is not required. 



(2) The orientation proceeds uniformly from the surface to the 
interior of the oriented article, and there are substantially no 
differences in the orientation of the particles. The sinter is 
resistant to shape irregularities, and the particles and crystals can 
be uniformly oriented. 



(3) A rotating device is required to Impose a centrifugal force, 
but there is no need for a special device suah as a magnetic field 
generator when magnetic ani sot ropy is used, maintenance is simple, 
and common production facilities can be used. 



(4) The surface of the workpiece does not become soiled, and 
byproducts are not generated such as in hot press sintering. This 
approach is therefore advantageous in that working after grinding is 
not required, costs are low, and a thin oriented film with a 
thickness of several tens of micrometers to several millimeters can 
be manufactured. 
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[brief explanation of the drawing] 
[Fig. ll 

Fig. 1 is a schematic diagram showing the particle orientation 
prior to (A) and after (B) the application of a centrifugal force; 
[Fig. 2l 

Fig. 2 is an electron photomicrograph of a single crystal powder 
composed of SctTlgh and used in the examples; 
[Fig. 3] 

Fig. 3 is an X-ray diffraction pattern (A: with a centrifugal 
force; B: without a centrifugal force) of the Sr 3 Tia07 sinter obtained 
in example 1; 
[Fig. 43 

Fig. 4 is an electron photomicrograph of the SrsTiaO? sinter 
obtained in example 1; 
[Fig. 5] 

Fig. 5 is an X-ray diffraction pattern ((l); with a centrifugal 
force; (2); without a centrifugal force) of the (Bi, Pb)-2223 ceramic 
obtained in example 2; 
[Fig. 6] 

Fig. 6 is an X-ray diffraction pattern ((l)s with a centrifugal 
force; (2): without a centrifugal force) of the BaTiCb inorganic film 
obtained in example 3. 
[Explanation of the reference numerals] 

11 work holder 

12 workplace 

12a plate- shaped particles 
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[TITLE OP THE DOCUMENT ] ABSTRACT 
[SUMMARY ] 

[SUBJECT 1 A ceramic sinter and an Inorganic film that does not 
require a special skill, other special device, or processing after 
grinding, and by which the surface and the center portion of 
particles or crystals are oriented with a uniform orientation by 
means of a simple operation can be obtained ♦ 

[MEANS TO SOLVE THE SUBJECT 1 One or more types of anisotropic 
oxide, nitride, carbide, and boride particles or crystals, are used, 
a ceramic molded article comprising ceramic particles with 
anisotropic crystals is sintered under a centrifugal force that Is 
preferably 10 to 700,000 G during the heating step in which the 
tenperature is preferably 100 to 1,900°C to orient the ceramic 
particles . 

[SELECTED DRAWING ] Figure 1 
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[TITLE OF THE DOCUMENT ] DRAWING 

[Fig. l] 
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[Fig. 6] 
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